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(57) ABSTRACT

A control unit 1 a first playback system connected to a
musical piece searching unit via a path having the highest data
transier rate includes a determining unit for discriminating,
between a request for musical piece information from the first
playback system and a request for musical piece information
from a second playback system, a temporary storage unit for
holding data information acquired 1n response to the request
from the second playback system, and a musical piece infor-
mation transmitting unit for transferring the musical piece
information read from the temporary storage unit to the sec-
ond playback system according to the data transfer rate of a
path connecting with the second playback system, and each of
the first and second playback systems makes a request of the
musical piece searching unit for musical piece information
via the control unit, and acquires the data information satis-
tying the request.

6 Claims, 10 Drawing Sheets
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1
IN-VEHICLE MEDIA PLAYBACK DEVICE

FIELD OF THE INVENTION

The present invention relates to an in-vehicle media play-
back device which plays back media data about musical
pieces or the like by using a plurality of playback systems.

BACKGROUND OF THE INVENTION

For example, in-vehicle media playback devices include a
device which has a playback system for front seats and a
playback system for rear seats, and which can independently
play back media data about musical pieces or the like by using,
cach playback system. As examples 1in which this device 1s
used, there are a case 1n which the device plays back musical
pieces stored 1n a single audio CD independently by using the
playback system for front seats and the playback system for
rear seats, and a case 1n which the device allows each of the
playback system for front seats and the playback system for
rear seats to independently select musical pieces from musi-
cal pieces stored 1n a hard disk drive (HDD) device to play
back them, respectively.

When a user commands each playback system of the media
playback device to play back a musical piece, the playback
system stars playing back the musical piece while displaying
musical piece information about the musical piece on a dis-
play unit such as a display. In many cases, each playback
system has also an HMI (Human Machine Interface) function
of categorizing all the music names of playbackable musical
pieces by artist name and genre name, and displaying them on
the screen, and playing back one or more musical pieces
which the user has selected on the basis of this display screen,
and a search function of, when a music name is inputted by the
user, searching for the musical piece having the music name,
and playing back the musical piece.

As a conventional technology aimed at increasing the effi-
ciency of the search function of searching for a musical piece,
there 1s a music information distribution device disclosed by
patent reference 1, for example. A music information data-
base 1n which TOC (Table Of Contents) information and
musical piece information are stored while they are brought
into correspondence with each other and a user database used
for determining each user’s taste in music are disposed 1n this
music information distribution device. When receiving TOC
information, this music information distribution device
searches through the music information database for musical
piece information associated with the recerved TOC informa-
tion, and determines whether or not the data volume of the
extracted musical piece information is larger than a maximum
transmission capacity.

When determining that the data volume of the musical
piece information 1s smaller than the maximum transmission
capacity, the music mformation distribution device deter-
mines that the music information distribution device can
afford to transmit other musical piece information or the like,
and acquires the user’s history information from the user
database. The music 1nformation distribution device
increases the efficiency of the search process of searching for
a musical piece by searching for and distributing other musi-
cal piece mnformation or the like corresponding to an artist
name which the music information distribution device has
extracted from the music information database through this
search by using this history information. However, the con-
ventional in-vehicle media playback device has the following,
problems when making each of the plurality of playback
systems operate independently.
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First, a playback system which 1s connected to a musical
piece information display unit via a communication path
having a slow data transier rate and a limited data volume for
cach transier takes a remarkably long time to display musical
piece information after the musical piece 1s specified by the
user as compared with other playback systems. A problem
with a playback system including a communication path hav-
ing such a slow data transier rate as above 1s that the display’s
response to the user’s operation 1s bad.

Furthermore, 1n each playback system, musical piece
information which 1s searched for from the musical piece
information database 1s read into a bulffer of a processor
which controls the musical piece searching process. This
reading process requires much processing time, and the num-
ber of times that the playback system performs the reading
process also increases dependently upon the contents of the
musical piece 1nformation. More specifically, various
resources, such as a CPU resource of the processor and a
resource ol a bus, are occupied for a long time while musical
piece information 1s searched for, or a situation in which the
execution of another process 1s blocked and hence the
completion of the process 1s delayed occurs. Therefore, there
1s a possibility that the response of the whole system to the
user’s operation gets worse.

For example, 1n a case in which a conventional 1n-vehicle
media playback system has two playback systems and one of
them 1ncludes a path having a slower data transfer rate than
that of the other playback system, when specification of a
musical piece from each of these playback systems occurs at
random, the response of the operation of the other playback
system also gets worse because of processes carried out by the
playback system including the path having a slow data trans-
fer rate.

When a congestion occurs 1n the two playback systems
including paths having different data transfer rates in the
conventional in-vehicle media playback system, for example,
there 1s a possibility that 1n either of various operations an
increase in the processing load of the whole system and a
delay of the process occur, and the system goes beyond the
limit of the response ability to respond to the user’s operation.

FIG. 6 1s a block diagram showing the structure of a con-
ventional, typical in-vehicle media playback device, and this
device has two playback systems each for playing back musi-
cal piece data. InFIG. 6, the in-vehicle media playback device
100 has a playback system (system 1) which 1s controlled by
a processor 1, and a playback system (system 2) which 1s
controlled by a processor 2, and a searching operation of
searching for a musical piece which 1s requested to be played
back by each of the systems 1 and 2 1s controlled by a pro-
cessor (.

Each of control units 101aq and 1015 1s a component for
performing control computations to implement the HMI of
the 1n-vehicle media playback device 100. The processor 1
executes a control program for the system 1 to embody the
control unit 101a which performs processing arithmetic of
the HMI for the system 1 as one functional configuration unit
of the processor 1. Similarly, the processor 2 executes a con-
trol program for the system 2 to embody the control unit 1015
which performs processing arithmetic of the HMI for the
system 2 as one functional configuration unit of the processor
2. Each of the control units 101a and 1015 also carries out a
process of transierring data between the control unit and the
processor 0.

A musical piece information searching unit 102 1s a com-
ponent for searching for musical piece information through a
musical piece DB storage unit 104 1n response to a search
request to search for the musical piece from each of the
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control units 101¢ and 10156 to acquire the musical piece
information, and then sending the musical piece information
to the control unit which 1s the source of the request.

The musical piece information searching unit 102 can also
be constructed in such a way as to carry out a process of
sorting a plurality of musical piece mformation which are
search results. The processor 0 executes a search control
program to embody the musical piece information searching,
unit 102 as one functional configuration unit of the processor
0.

Musical piece playback units 103a and 1035 are compo-
nents for playing back (decoding) musical piece data read
from a musical piece data storage unit 105 according to the
musical piece data storage addresses of the musical piece data
which are the playback objects specified by the control units
101a and 1015, respectively. The processor 0 also executes a
playback control program to embody each of the musical
piece playback units 103a and 1035 as one functional con-
figuration unit of the processor 0. A musical piece data stor-
age address 1s a storage address of musical piece data 1n the
musical piece data storage unit 105.

In the musical piece DB storage unit 104, a musical piece
database (referred to as a musical piece DB from here on) for
storing pieces ol musical piece information 1s constructed. In
the musical piece DB, pieces of musical piece information are
registered systematically. For example, musical piece infor-
mation 1s stored in each record of the musical piece DB
storage unit 104.

Each piece of musical piece information consists of a plu-
rality of pieces of 1tem information, such as “music name”
information, “artist name” information and “genre name”
information which are attributes of the musical piece data,
and a musical piece data storage address showing the storing
position of the musical piece data 1n the musical piece data
storage unit 105. Each of pieces of item information showing
the attributes of a musical piece, such as “music name” infor-
mation, “artist name” information and “genre name” nfor-
mation, 1s implemented by character string information.

The musical piece data storage unit 105 stores musical
piece data. For example, the musical piece data storage unit 1s
constructed on a storage area of a storage unit, such as a CD,
a DVD, an HDD, or a USB (Universal Serial Bus) memory.
The musical piece DB storage unit 104 and the musical piece
data storage unit 105 can be constructed 1n the same storage
medium, or can be constructed in different storage media,
respectively.

Each of musical piece information display units 1064 and
1065 1s a component for displaying musical piece informa-
tion currently being played back, playbackable musical
pieces, etc., and they are mstalled as a display unit disposed in
the 1n-vehicle media playback device 100. The display pro-
cesses performed by the musical piece information display
units 106a and 1065 are controlled by the control units 1014
and 1015, respectively. Operation units 107a and 1075 are
components each for accepting an operational input from
outside the in-vehicle media playback device, and output
pieces ol mformation inputted thereto through operational
inputs to the control units 101aq and 1015, respectively. A user
performs an operation of specifying a musical piece which he
or she desires the in-vehicle media playback device to play
back, forwarding to the next track, starting or stopping a
playback, or doing the like by using one of the operation units
107a and 1075. Sound output units 108a and 1085 are com-
ponents for generating audio outputs of analog signals of
musical piece data whose signal levels are amplified by
amplifiers 110a and 1105, respectively. Each of the sound
output units 1s installed as speakers or a headphone.

5

10

15

20

25

30

35

40

45

50

55

60

65

4

A vehicle-mounted network 111 1s a communication net-
work which connects among the processor 2, the musical
piece information display umt 1065, and the operation units
1075, and 1s a low-speed data transfer path which operates 1n
a CAN (Controller Area Network) or the like. More specifi-
cally, the vehicle-mounted network 111 1s a path having a
slower data transfer rate than either of data transfer paths for
connecting between the control units 101q and 1015 and the
musical piece information searching umt 102, respectively,
and a data transier path for connecting between the network
interface of the control umt 1015 and the vehicle-mounted
network 111.

Furthermore, because the vehicle-mounted network 111
has a slower data transfer rate, a transfer of a lot of data using
a single packet (each unit for data transier) increases the time
period during which any other data transier in the vehicle-
mounted network 111 1s behind schedule, and there 1s a
possibility that the transfer interferes with the operation of
cach equipment connected to the vehicle-mounted network
111. To solve this problem, 1n the vehicle-mounted network
111, an upper limit of the data volume which can be trans-
terred by using a single packet 1s determined in consideration
of the data transfer rate to prevent the above-mentioned fail-
ure from occurring, and only an individual transier of each
item information of musical piece information by using a
single packet 1s enabled.

In the system 2, even 1f high-speed data transier paths are

applied as the path for connecting between the processor 2
and the processor 0 (the control unit 1015 and the musical
piece miformation searching unit 102) and the path for con-
necting between the vehicle-mounted network 111 and the
processor 2 (the vehicle-mounted network 111 and the con-
trolunit 1015), the efficiency of the data transfer resource gets
worse because any data transfer via the vehicle-mounted net-
work 111 1s delayed.
Therefore, low-speed data transfer paths are used as the
path for connecting between the processor 2 and the proces-
sor 0 and the path for connecting between the vehicle-
mounted network 111 and the processor 2 1n such a way that
data transier operations via the paths are compatible with a
data transier operation via the vehicle-mounted network 111.
More specifically, an upper limit of the data volume which
can be transferred by using a single packet 1s determined for
cach of both the above-mentioned paths, like that determined
for the vehicle-mounted network 111, and only an individual
transier of each item information of musical piece informa-
tion by using a single packet 1s enabled.

Next, the operation of the conventional in-vehicle media
playback device will be explained.

Hereaftter, a case 1n which the musical piece data storage
unit 105 stores musical piece data for each track number, and
a playback of musical piece data of the same track number “3”
1s commanded 1n both the system 1 and the system 2 will be
shown as an example.

First, the playback operation of the system 1 will be
explained.

FIG. 7 1s a timing chart showing the musical piece playback
operation of the system 1 1n the conventional in-vehicle media
playback device. In FI1G. 7, the user specifies the track number
“3” by using the operation umt 107q (1). Information about
the operation of specitying the track number “3” 1s outputted
from the operation unit 107a to the control unit 101a.

When recerving the above-mentioned operation informa-
tion, the control unit 101a makes a request of the musical
piece miformation searching unit 102 for a batch transier of
the musical piece information (2). In the batch transter, all the
pieces of item mnformation (“music name” information, “art-
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1stname” information, “genre name” information, and “musi-
cal piece data storage address™) of the musical piece infor-
mation are collected 1nto contiguous data, and this data are
transferred 1n a batch as single transfer unit data (a single
packet). A “packet” means a unit which occupies a data trans-
fer resource. Furthermore, whether or not the data can be
transierred in a batch depends on the data volume on the data
transier path which can be transferred via a single packet.

The control unit 101a then adds identification data about its
own 1dentification to the data showing the above-mentioned
request. As a result, the musical piece information searching,
unit 102 can identily that the source of the request 1s the
control unit 101a.

The musical piece information searching unit 102 searches
through the musical piece DB storage unit 104 according to
the track number “3” which has been requested by the control
unit 101a. At this time, 1f the track number “3” matches the
musical piece information of a record 3 1n the musical piece
DB storage unit 104, the musical piece information searching
unit 102 accesses therecord 3 of the musical piece DB storage
unit 104 (3), and then reads the musical piece information of
the record 3 and writes this information into a buffer (not
shown 1n FIG. 6) of the processor 0 (4).

Next, the musical piece information searching unit 102
reads the musical piece information of the record 3 from the
above-mentioned buller, and transfers this musical piece
information 1n a batch to the control unit 101a which 1s the
source of the request (5). The control unit 101a extracts the
musical piece data storage address among the pieces of 1item
information of the musical piece information recerved from
the musical piece information searching unit 102 and speci-
fies the musical piece data storage address for the musical
piece playback unit 103a while 1ssuing a playback start com-
mand (6).

According to the playback start command, the musical
piece playback unit 103¢q reads and decodes the correspond-
ing musical piece data from the musical piece data storage
unit 105 on the basis of the musical piece data storage address
specified by the control unit 101a. The decoded musical piece
data are outputted from the musical piece playback unit 103a
to a DA conversion unit 109a. The DA conversion unit 109a
converts the data inputted from the musical piece playback
unit 103a from a digital signal into an analog signal, and then
outputs this analog signal to the amplifier 110a. The amplifier
110a amplifies the analog signal of the inputted musical piece
data, and outputs the amplified analog signal to the sound
output unit 108a. As a result, an audio output of the musical
piece data which the user has specified 1s produced via the
sound output unit 1084 and a playback of the musical piece
data 1s started.

On the other hand, after 1ssuing the playback start com-
mand, the control unit 101a promptly carries out a data trans-
ter of the character string information (e.g., the music name
information, the artist name information, and the genre name
information) of the musical piece information received from
the musical piece information searching unit 102 to the musi-
cal piece information display unit 1064 (7). The musical piece
information display unit 106a displays the character string
information of the musical piece information recerved from
the control unit 101a on the display screen. The system 1 can
thus carry out a playback and a display of the musical piece
information of the musical piece specified by the user nearly
simultaneously.

Next, the playback operation of the system 2 will be
explained.

FIG. 8 1s a timing chart of the musical piece playback of the
system 2 1n the conventional in-vehicle media playback
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device. In FIG. 8, a user specifies the track number “3” by
using the operation unit 1075 (1). Information about the
operation of specitying the track number “3” 1s outputted
from the operation unit 1075 to the control unit 1015.

When recerving the above-mentioned operation informa-
tion, the control unit 1015 makes a request of the musical
piece information searching unit 102 for individual transters
of the musical piece information (2). In the individual trans-
fers, the pieces of item information (the music name infor-
mation, the artist name information, the genre name informa-
tion, and the musical piece data storage address) which
construct the musical piece mformation are transierred via
separate packets, respectively. At this time, the control unit
1015 makes a request for an individual transter of the musical
piece data storage address, among the pieces of 1tem infor-
mation of the musical piece information corresponding to the
track number “3”, to the musical piece information searching
unit 102.

The musical piece information searching umit 102 searches
through the musical piece DB storage unit 104 according to
the track number “3”” which has been requested by the control
unit 1015. At this time, 1f the track number “3” matches the
musical piece information of the record 3 1n the musical piece
DB storage unit 104, the musical piece information searching
unit 102 accesses therecord 3 of the musical piece DB storage
unmt 104 (3), and then reads all the pieces of item information
of the musical piece information stored 1n the record 3 and
writes all the pieces of item information into the builer (not
shown 1n FIG. 6) of the processor 0 (4).

Because the path connecting between the control unit 1015
and the musical piece information searching unit 102 can be
used only for individual transfers, as mentioned above, the
musical piece information searching unit 102 reads the musi-
cal piece data storage address among the pieces of 1tem 1nfor-
mation of the musical piece mnformation stored 1n the above-
mentioned builer, and transiers the musical piece data storage
address to the control unit 1015 which 1s the source of the
request (5). The control unit 1015 specifies the musical piece
data storage address recerved from the musical piece infor-
mation searching unit 102 for the musical piece playback unit
1035 while 1ssuing a playback start command (6).

According to the playback start command, the musical
piece playback unit 1035 reads and decodes the correspond-
ing musical piece data from the musical piece data storage
unit 105 on the basis of the musical piece data storage address
specified by the control umit 1015. The decoded musical piece
data are outputted from the musical piece playback unit 1035
to a DA conversion unit 10956. The DA conversion unit 10956
converts the data mputted from the musical piece playback
unit 1035 from a digital signal 1into an analog signal, and then
outputs this analog signal to the amplifier 1105. The amplifier
1106 amplifies the analog signal of the inputted musical piece
data, and outputs the amplified analog signal to the sound
output umt 1085. As a result, an audio output of the musical
piece data which the user has specified 1s produced via the
sound output unit 1085 and a playback of the musical piece
data 1s started.

On the other hand, even after the playback 1s started, the
control unit 1015 makes a request of the musical piece infor-
mation searching umt 102 for an individual transfer of the
“music name” information of the musical piece information
corresponding to the track number “3” (7). The musical piece
information searching unit 102 searches through the musical
piece DB storage unit 104 according to the track number “3”
which has been requested by the control unit 1015. Because
the track number “3” matches the musical piece information
of the record 3 of the musical piece DB storage unit 104, the
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musical piece miormation searching unit 102 accesses the
record 3 of the musical piece DB storage unit 104 (8), and
reads all the pieces of item imnformation of the musical piece
information stored in the record 3 and writes them into the
butler of the processor 0 (9).

The musical piece information searching unit 102 then
reads the “music name” mformation from the pieces of item
information of the musical piece information stored in the
above-mentioned buffer, and transfers the music name infor-
mation to the control unit 1015 which i1s the source of the
request (10). The control umt 1015 transfers the “music
name” information recerved from the musical piece informa-
tion searching unit 102 to the musical piece information dis-
play unit 1065 via the vehicle-mounted network 111 (11).

Similarly, the control unmit 1015 makes a request of the
musical piece information searching umt 102 for an indi-
vidual transfer of the “artist name™ information of the musical
piece information corresponding to the track number “3”
(12). The musical piece information searching umt 102
searches through the musical piece DB storage unit 104
according to the track number “3” which has been requested
by the control unit 1015. Because the track number *“3”
matches the musical piece information of the record 3 of the
musical piece DB storage unit 104, the musical piece infor-
mation searching unit 102 accesses the record 3 of the musical
piece DB storage unit 104 (13), and reads all the pieces of
item 1information of the musical piece information stored 1n
the record 3 and writes them 1nto the builer of the processor 0
(14).

The musical piece information searching unit 102 then
reads the “artist name” information from the pieces of item
information of the musical piece information stored in the
above-mentioned butfer, and transiers the artist name infor-
mation to the control unit 1015 which 1s the source of the
request (15). The control unit 1015 transfers the “artist name™
information recerved from the musical piece information
searching unit 102 to the musical piece information display
unit 1065 via the vehicle-mounted network 111 (16).

The musical piece information display unit 1065 displays
the character string information (the music name information
and the artist name information) of the musical piece infor-
mation which the musical piece information display unit has
received from the control unit 1015 via the vehicle-mounted
network 111 on the screen. When displaying the “genre
name”, the control unit 1015 makes a request of the musical
piece information searching unit 102 for an mndividual trans-
fer of the “genre name” information of the musical piece
information corresponding to the track number “3” (17).

The musical piece information searching unit 102 searches
through the musical piece DB storage unit 104 according to
the track number “3”” which has been requested by the control
unit 1075. Because the track number “3” matches the musical
piece information of the record 3 of the musical piece DB
storage unit 104, the musical piece information searching unit
102 accesses the record 3 of the musical piece DB storage unit
104 (18), and reads all the pieces of 1item information of the
musical piece information stored in the record 3 and writes
them 1nto the builer of the processor 0 (19).

The musical piece information searching unit 102 then
reads the “genre name” information from the pieces of 1tem
information of the musical piece information stored in the

above-mentioned builer, and transfers the genre name 1nfor-
mation to the control unit 1015 which 1s the source of the
request (20). After that, the control umt 1015 transfers the
“genre name” information recerved from the musical piece
information searching unit 102 to the musical piece informa-
tion display unit 1065 via the vehicle-mounted network 111
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(21). As a result, the “genre name” 1s displayed on the screen
of the musical piece information display unit 1065.

FIG. 9 1s a view showing the details of the processing time
required for the system 1 to carry out the processing, and that
required for the system 2 to carry out the processing in the
conventional 1n-vehicle media playback device. Each pro-
cessing time 1n FI1G. 9 shows the time which has elapsed until
corresponding musical piece information 1s displayed after
the user has specified a track number. Furthermore, in order to
compare the processing time of the system 1 with that of the
system 2, the processing times shown 1n the figure are the
ones of the systems 1 and 2 each of which 1s made to operate
singly. Each scale of the elapsed time shown in FIG. 9 1s
equivalent to the transfer time required to transfer a single
packet (transfer unit).

In the system 1, each of the process (1) of allowing the user
to specily the track number “3”, the process (2) of making a
request for a batch transfer of the musical piece information
which 1s performed by the control unit 101a, and the process
(3) of accessing the musical piece DB storage unit 104 1n
response to the request which 1s performed by the musical
piece information searching unit 102 1s completed within a
time period which 1s equal to the transfer time required to
transier a single packet in length. In contrast, the process (4)
of reading the musical piece information corresponding to the
track number “3” from the musical piece DB storage unit 104,
and writing the musical piece information into the buifer,
which 1s performed by the musical piece information search-
ing unit 102, requires a long time. The reason why this pro-
cess requires a long time 1s that the process mvolves physical
operations of rotating a storage medium which constructs the
musical piece DB storage unit 104, and seeking a desired
storage area of the storage medium in addition to the elec-
tronic operations of the storage medium.

Because every time when musical piece data are registered
as a playback object, musical piece mformation used for
musical piece data search is stored 1n the musical piece DB,
the musical piece DB storage unit 104 has a very large data
s1ze as registration ol musical piece data 1s made.

Therefore, a semiconductor memory which does not have
a storage capacity suificient for constructing the musical
piece DB 1s not used as the musical piece DB storage unit 104
while a relatively low cost storage medium capable of storing
a large volume of data, such as an HDD, a CD or a DVD, 1s
used as the musical piece DB storage unit 104.

Each of the process (5) of carrying out a batch transfer of
the musical piece information corresponding to track number
“3” to the control unit 101a, which 1s performed by the
musical piece mnformation searching unit 102, the process (6)
of specilying the musical piece data storage address for the
musical piece playback unit 1034, and 1ssuing a playback
start command, which 1s performed by the control unit 1014,
and the process (7) of transierring the musical piece informa-
tion to the musical piece information display unit 1064, which
1s performed by the control unit 101a, 1s completed within a
time period which 1s equal to the transier time required to
transier a single packet 1n length.

Also in the system 2, each of the process (1) of allowing the
user to specily track number “3”, the process (2) of making a
request for the musical piece data storage address of the
musical piece information, which 1s performed by the control
unmt 1015, and the process (3) of accessing the musical piece
DB storage unit 104 in response to the request, which 1s
performed by the musical piece information searching unit
102, 1s completed within a time period which 1s equal to the
transier time required to transier a single packet in length, like
in the case of the system 1.
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As mentioned above, 1n the system 2, only individual trans-
ters can be carried out also in the path connecting between the
control unit 1015 and the musical piece information search-
ing unit 102. Therefore, the control unit 1015 makes a request
of the musical piece mformation searching umt 102 for a
transier ol each piece of item information of the musical piece
information.

However, because the musical piece information searching,
unit 102 carries out data reading of each record information of
the musical piece DB storage unit 104, the musical piece
information searching unit carries out the process (4) of read-
ing all the pieces of item information of the musical piece
information and writing them into the buffer even when a
request for an individual transfer 1s made by the control unit
1015. More specifically, the musical piece information
searching unit repeatedly carries out the processes (4), (9),
(14), and (19) of reading all the pieces of item information of
the musical piece information stored in the same record
whose number 1s equal to the number of pieces of 1tem 1nfor-
mation to be displayed on the screen of the musical piece
information display unit 1065, and writing them into the

buftfer.

Furthermore, when performing a playback process of play-
ing back a musical piece medium, the conventional in-vehicle
media playback device can list the music name of a musical
piece playbackable the next time in addition to the music
name of the musical piece currently being played back. Also
in this case, such an increase 1n the processing load and 1n the
processing time as mentioned above occurs 1n the system 2.

FIG. 10 1s a timing chart of a process of displaying the
music names ol a plurality of musical piece data in the system
2 of the conventional 1n-vehicle media playback device. As
shown 1n FIG. 10, every time when the control unit 1015
makes a request of the musical piece information searching,
unit 102 for acquisition of “music name” mformation stored
in each of records 1 to 4, the musical piece information
searching unit 102 reads the musical piece information from
the musical piece DB storage unit 104 1n units of one record.
More specifically, the musical piece information searching
unit repeatedly carries out a process of reading all the pieces
of musical piece mformation from the musical piece DB
storage unit 104 whose number 1s equal to the number of
“music names” to be displayed on the screen of the musical
piece information display unit 1065.

A problem with the conventional in-vehicle media play-
back device 1s thus that the processing time of the system 2
becomes remarkably long compared with that of the system 1,
and the response of display of musical piece information to
the user’s operation 1s very bad.

Furthermore, when a long-time process, such as a process
of reading and writing musical piece information into the
buffer, 1s carried out two or more times, various resources
including the CPU resource of each processor and the
resource of the bus are occupied for a long time, or a situation
in which the execution of another process 1s blocked and the
completion of this process 1s delayed occurs. Therefore, the
response of the whole system to the user’s operation gets
WOrse.

In addition, when specification of a musical piece from the
system 1 or 2 occurs at random, the response of the operation
of the system 1 also gets worse due to the processing carried
out by the system 2. Conventionally, when congestion occurs
in the systems 1 and 2, there 1s a possibility that any of various
operations causes an increase 1n the processing load of the
whole system and a processing delay, and the response ability
to respond to the user’s operation reaches 1ts limit.
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For example, in a case in which the musical piece DB
storage unit 104 and the musical piece data storage unit 105
are constructed on the same storage medium, a contlict may
occur between the process of reading record information of
the musical piece DB and the process of reading musical
piece data. In this case, a problem i1s that a delay occurs in the
process of reading musical piece data, and the time required
to start a playback of a musical piece after the user has
specified this musical piece 1s lengthened.

In order to solve the above-mentioned problem, there can
be considered a method of making the musical piece infor-
mation searching unit 102 individually read musical piece
information 1n units of not each record, but each information
which constructs the musical piece information. However, an
advantage of shortening the processing time 1s not provided
tor the following reasons.

First, 1n a storage medium 1n which the musical piece DB
storage unit 104 1s constructed, such as an HDD, a CD or a
DVD, data reading 1s carried out per sector. For example, 1n
the case of an HDD 1n which each sector 1s 512 bytes 1n size,
physical data reading 1s carried out 1in units of one sector, 1.¢.
512 bytes.

Furthermore, the total data size occupied by one musical
piece information (the size of one record) usually falls within
one sector. Therefore, even if the musical piece information
searching unit tries to read each item information of musical
piece information individually, the resultant data volume read
from the medium does not differ from that 1n the case in which
the musical piece information 1s read in a batch.

There can be considered a method of newly disposing a
reading unit of reading information in units of a smaller
amount of data (e.g. one sector or less) in order to read each
item information of musical piece information individually.

However, because physical data reading 1s indispensable 1n
the above-mentioned storage medium, a significant shorten-
ing of the processing time cannot be expected as compared
with the case 1n which musical piece information 1s read out
in a batch even 1f the above-mentioned reading unit 1s dis-
posed.

The above-mentioned problem is specific to reading of data
from the musical piece DB storage unit 104 and a playback
device including a data transfer path like the vehicle-mounted
network 111, and simple use of the method of improving the
elficiency of the data transfer resources described in the
patent reference 1 cannot solve the problem.

The present invention 1s made 1n order to solve the above-
mentioned problem, and 1t 1s therefore an object of the present
invention to provide an in-vehicle media playback device
which reduces the frequency of access to a musical piece
database to reduce the processing load thereon and the opera-
tion delay occurring therein, thereby being able to improve
the ability of response to a user’s operation of speciiying a
playback object.

RELATED ART DOCUMENT

Patent Reference

Patent reference 1: Japanese Unexamined Patent Application
Publication No. 2005-346640

SUMMARY OF THE INVENTION

In accordance with the present invention, there 1s provided
an in-vehicle media playback device including a searching
unit for searching for data mformation satistying a request
from a first storage unit for storing data information specity-
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ing media data, and a plurality of playback systems each
having a playback unit for reading media data from a second
storage unit for storing the media data according to the data
information, and playing back the media data, a presenting
unit for presenting data information about the media data, and
a control unit for making a request of the searching unit for
data information about media data which 1s a playback object,
in which the control unit 1in one of the plurality of playback
systems which 1s connected to the searching unit via a path
having a highest data transfer rate includes: a recerving unit
for recerving a request for data information from another
playback system; a determining umt for discriminating
between a request for data mformation from the playback
system to which the determining unit belongs, and the request
for data information from the other playback system recerved
by the receiving unit; a data holding umt for holding data
information acquired by the searching unit in response to the
request from the other playback system; and a transmitting,
unit for data-transierring the data information satisiying the
request from the other playback system which is read from the
data holding unit to the other playback system according to a
data transfer rate of a path connecting with the other playback
system, and 1n which each of the plurality of playback sys-
tems makes a request of the searching unit for data informa-
tion via the control unit which 1s connected to the searching,
unit via the path having the highest data transfer rate, and
acquires data information satisiying the request.

According to the present invention, the control unit 1n one
of the plurality of playback systems which i1s connected to the
searching unit via a path having a highest data transfer rate
includes the receiving unit for receiving a request for data
information from another playback system; the determining
unit for discriminating between a request for data information
from the playback system to which the determining unit
belongs, and the request for data information from the other
playback system received by the receiving unit, the data hold-
ing unit for holding data information acquired by the search-
ing unit 1n response to the request from the other playback
system, and the transmitting unit for data-transferring the data
information satisfying the request from the other playback
system which 1s read from the data holding unit to the other
playback system according to the data transfer rate of the path
connecting with the other playback system, and 1n which each
of the plurality of playback systems makes a request of the
searching unit for data information via the control unit which
1s connected to the searching unit via the path having the
highest data transfer rate, and acquires data information sat-
1stying the request. Because the in-vehicle media playback
device 1s constructed 1n this way, the in-vehicle media play-

back device can improve 1ts response ability to a user’s opera-
tion of specifying a playback object.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 1s a block diagram showing the structure of an
in-vehicle media playback device in accordance with
Embodiment 1 of the present invention;

FIG. 2 1s a view showing data transfer paths disposed
among processors of the in-vehicle media playback device 1n
accordance with Embodiment 1;

FIG. 3 1s a ttiming chart of a musical piece playback of a
system 2 1n the m-vehicle media playback device 1n accor-
dance with Embodiment 1;

FI1G. 4 1s a view showing the details of the processing time
required for a system 1 to carry out processing and that
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required for the system 2 to carry out processing in the in-
vehicle media playback device 1n accordance with Embodi-
ment 1;

FIG. 5 1s a timing chart of a process of displaying the music
names of a plurality of musical piece data 1n the system 2 of
the in-vehicle media playback device in accordance with
Embodiment 1;

FIG. 6 1s a block diagram showing the structure of a con-
ventional, typical m-vehicle media playback device;

FIG. 7 1s a timing chart of a musical piece playback of a
system 1 1n the conventional in-vehicle media playback
device;

FIG. 8 1s a timing chart of a musical piece playback of a
system 2 1n the conventional in-vehicle media playback
device:

FIG. 9 1s a view showing the details of the processing time
required for the system 1 to carry out processing, and that
required for the system 2 to carry out processing in the con-
ventional in-vehicle media playback device; and

FIG. 10 1s a timing chart of a process of displaying the
music names ol a plurality of musical piece data 1n the system
2 of the conventional in-vehicle media playback device.

EMBODIMENTS OF THE INVENTION

Hereafter, in order to explain this ivention in greater
detail, the preferred embodiments of the present invention
will be described with reference to the accompanying draw-
ngs.

Embodiment 1

An 1n-vehicle media playback device i accordance with
the present imnvention includes a plurality of playback systems
cach for playing back media data, and a searching umit for
searching through a storage unit which stores data informa-
tion specilying media data which 1s a playback object to
acquire data information of media data satisifying a request
from a playback system, and, when making this search, car-
ries out a transfer of information which 1s exchanged between
cach of the plurality of playback system and the searching
unmt by selectively using only a path having the highest data
transier rate among paths connecting between the searching
unit and the playback systems.

Furthermore, 1in this embodiment, an in-vehicle media
playback device which plays back musical piece data as
media data, and 1s provided with two playback systems: a
playback system for front seats 1n a vehicle (system 1), and a
playback system for rear seats in the vehicle (system 2) will
be explained as an example. The present invention can also be
applied to an in-vehicle media playback device including
three or more playback systems.

In addition, a storage medium for storing musical piece
data (media data) can be a CD or a DVD. A user specifies a
track number of this storage medium to command the in-
vehicle media playback device to play back the track number.
As a result, the mn-vehicle media playback device plays back
the musical piece of the track number specified by the user
while displaying musical piece information (the music name,
the artist name and the genre name) (data information) about
the musical piece currently being played back on the screen of
a display unait.

FIG. 1 1s a block diagram showing the structure of the
in-vehicle media playback device in accordance with
Embodiment 1 of the present invention. In FIG. 1, the 1n-
vehicle media playback device 1n accordance with Embodi-
ment 1 has the playback system (system 1) which 1s con-
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trolled by a processor 1, and the playback system (system 2)
which 1s controlled by a processor 2, and a searching opera-
tion of searching for a musical piece which 1s requested to be
played back by each of the systems 1 and 2 1s controlled by a
processor ().

Each of control units 2a and 256 1s a component for per-
forming control computations to implement an HMI of the
in-vehicle media playback device 1. The processor 1 executes
a control program for the system 1 to embody the control unit
2a which performs processing arithmetic of the HMI for the
system 1 as one functional configuration unit of the processor
1. The processor 2 executes a control program for the system
2 to embody the control unit 26 which performs processing
arithmetic of the HMI for the system 2 as one functional
configuration unit of the processor 2.

Furthermore, the control unit 24 1s provided with a display
data transmitting unit 13, request receiving units 14a and 145,
a transfer controlling unit 15, a determining unit 16, a tem-
porary storage unit (data holding unit) 17, and a musical piece
information transmitting unit 18. The processor 1 executes
the control program for the system 1 to embody each of the
display data transmitting unit 13, the request recerving units
(recerving units) 14a and 145, the transter controlling unit 15,
the determining unit 16, and the musical piece information
transmitting unit (transmitting unit) 18 as a functional con-
figuration unit of the control unit 2a. The temporary storage
unit 17 1s implemented by using a RAM (Random Access
Memory) or the like disposed 1n the processor 1.

The display data transmitting unit 13 1s a component for
transmitting display data to be transierred to a musical piece
information display unit 7a of the system 1. As display data,
there 1s character string information of pieces of item 1nfor-
mation (a music name, an artist name and a genre name)
showing the attributes of a musical piece 1n musical piece
information (data information). The request receiving unit
14a 1s a component for recerving data showing operation
information mnputted by an operation unit 8a. The request
receiving unit 145 1s a component for recerving data showing,
a musical piece information acquisition request from the con-
trol unit 25 of the system 2.

The transier controlling unit 15 1s a component for control-
ling data transmission and reception between the control unit
2a and each of the processors 0 and 2 while controlling data
transmission and reception between the control unit 2a and
cach of the operation unit 8a and the musical piece informa-
tion display unit 7a disposed in the system 1. The determining,
unit 16 1s a component for determining whether the musical
piece information acquired from the musical piece informa-
tion searching unit 3 via the transfer controlling unit 15 1s a
response to a request from either one of the systems 1 and 2.

Which one of the systems 1 and 2 1s the source of a request
1s determined as follows, for example.

First, when transmitting data showing a request for acqui-
sition of musical piece information, the control unit 26 adds
identification data for identitying the system to which the
control unit belongs to the above-mentioned data. The trans-
fer controlling unit 15 determines whether the inputted
request 1s either a request from the operation unit 8a of the
system 1 or a request from the control unit 256 of the system 2
according to the 1dentification data.

Furthermore, when making a request of the musical piece
information searching umit 3 for acquisition ol musical piece
information, the transfer controlling unit 15 similarly adds
identification data about the system to which the transfer
controlling unit belongs to data about this request, and trans-
mits the data to the musical piece information searching unit

3.
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When searching through the musical piece DB storage unit
5 to acquire the musical piece information satistying the
request, the musical piece information searching unit 3 oper-
ates after grasping that one of the systems 1 and 2 1s the source
of the request according to the above-mentioned 1dentifica-
tion data. More specifically, when transferring musical piece
information to each of the control units 2a and 26 of the
systems 1 and 2, the musical piece information searching unit
3 transmits the musical piece information after adding the
identification data about the system which 1s the destination
to the musical piece information data.

When the musical piece information data from the musical
piece information searching unit 3 1s mputted to the deter-
mining unit 16 via the transier controlling unit 15, the deter-
mining unit 16 determines whether the musical piece infor-
mation 1s a response to a request from either one of the
systems 1 and 2 according to the 1dentification data included
in this musical piece information data.

The temporary storage umt 17 temporarily stores the musi-
cal piece information to be transferred to the control unit 26 of
the system 2. Because a data transfer from the musical piece
information searching unit 3 to the control unit 2a of the
system 1 1s a batch transfer and a data transfer from the
control unit 2a to the control unit 256 of the system 2 1s an
individual transfer, the temporary storage unit 17 functions as
a buffer which absorbs the difference between their transfer
times.

The musical piece information transmitting unit 18 1s a
component for transierring the musical piece information
read from the temporary storage unit 17 to the control unmt 256
of the system 2. Because the transfer path between the control
unit 2a and the control unit 26 has a slow data transter rate, the
musical piece information transmitting unit 18 transmits each
item 1nformation of the musical piece information to the
control unit 26 through an individual transier.

The musical piece information searching unit (searching
unit) 3 1s a component for searching through the musical piece
DB storage umit 5 to acquire musical piece mformation 1n
response to a request to search for the musical piece from each
of the control units 2a and 26 and send the musical piece
information back to the source of the request. The processor
0 executes a search control program to embody the musical
piece information searching unit 3 as one functional configu-
ration unit of the processor 0.

Each of the musical piece playback units (playback units)
da and 4b 1s a component for playing back (decoding) the
musical piece data read from the musical piece data storage
unit 6 according to the musical piece data storage address of
the musical piece data which 1s a playback object specified by
the corresponding one of the control units 2a and 2b. The
musical piece data storage address shows the storing position
of the musical piece data 1n the musical piece data storage unit
6. The processor 0 also executes a playback control program
to embody each of the musical piece playback units 4a and 456
as one functional configuration unit of the processor 0.

In the musical piece DB storage unit 5, a musical piece DB
1s constructed. In the musical piece DB, pieces of musical
piece information are registered systematically and musical
piece information 1s stored 1n each record of the musical piece
DB storage unit 5.

Furthermore, each musical piece information 1s con-
structed of a plurality of pieces of item imnformation, such as
“music name” information, “artist name” information and
“genre name” information which show the attributes of the
corresponding musical piece data, and a musical piece data
storage address showing the storing position of the musical
piece data in the musical piece data storage unit 6, and can be
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used as data information for determining musical piece data
which 1s a playback object. Each item information, such as
“music name” information, “artist name” information or
“genre name” information, 1s implemented as character string
information.

The musical piece data storage unit 6 stores musical piece
data. For example, the musical piece data storage umit is
constructed on a storage area of a storage unit, such as a CD,
a DVD, an HDD, or a USB memory. The musical piece DB
storage unit 5 and the musical piece data storage unit 6 can be
constructed in the same storage medium, or can be con-
structed 1n different storage media, respectively.

Each of the musical piece information display unit (pre-
sentation unit) 7a and a musical piece information display
unit (presentation umt) 76 1s a component for displaying
musical piece information of a musical piece currently being
played back or a playbackable musical piece, and so on, and
are 1nstalled as a display unit disposed 1n the in-vehicle media
playback device 1. Display processes performed by the musi-
cal piece information display units 7a and 75 are controlled
by the control units 2a and 25, respectively.

Each of the operation unit 8a and an operation unit 85 1s a
component for accepting an operational mput from outside
the in-vehicle media playback device, and pieces of informa-
tion mputted thereto through operational inputs to the opera-
tional units 8a and 85 are outputted to the control units 2a and
2b, respectively. A user performs an operation of speciiying a
musical piece which he or she desires the in-vehicle media
playback device to play back, forwarding to the next track,
starting or stopping a playback, or doing the like by using one
ol the operation units 8a and 86. Sound output units 9a and 95
are components for producing audio outputs of analog signals
of musical piece data whose signal levels are amplified by
amplifiers 11a and 115, respectively. Each of the sound out-
put units 1s installed as speakers or a headphone. A vehicle-
mounted network 12 1s a commumnication network which con-
nects among the processor 2, the musical piece information
display unit 75, and the operation unit 85.

FIG. 2 1s a view showing data transfer paths disposed
among the processors of the in-vehicle media playback
device 1n accordance with Embodiment 1. The in-vehicle
media playback device 1 1n accordance with Embodiment 1
uses data transter paths (paths (A), (B) and (D)) disposed in a
conventional device shown in FIG. 6, just as they are, and
newly includes a path (C) for connecting between the control
unit 2a of the processor 1 and the control unit 26 of the
processor 2 (a path for connecting between the control unit of
cach of the playback systems).

There 1s no path which delays a data transier, like the
vehicle-mounted network 12, 1n the system 1 controlled by
the control unit 2a. Therefore, a relatively high cost path
having a fast data transfer rate 1s used as the path (A) which
connects between the processor 0 and the processor 1 (be-
tween the musical piece information searching unit 3 and the
control unit 2a). As a result, the path (A) has a large volume
of data which can be transferred via a single packet, and
makes 1t possible for the in-vehicle media playback device to
perform a batch transfer operation of transierring all pieces of
item 1nformation ol musical piece information via a single
packet.

In contrast, the system 2 controlled by the control unit 25
has the vehicle-mounted network 12 having a slow data trans-
ter rate. Therefore, because when the 1n-vehicle media play-
back device performs a process of displaying the musical
piece information from the musical piece DB storage unit 5
on the screen ol the musical piece information display unit 75,
the data transier 1s delayed 1n the vehicle-mounted network
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12, the efficiency of the data transier resource gets worse 1n
case 1n which each of the paths (B), (C), and (D) 1s a high-
speed one.

The processor 2 also functions as a gateway with the
vehicle-mounted network 12 with respect to each of the pro-
cessor 0 and the processor 1. Therelore, each of a data transfer
from the processor 0 to the processor 1, a data transier from
the processor 2 to the processor 1, and a data transier from the
processor 2 to the vehicle-mounted network 12 has only to be
performed within the limit of a communication capability
equivalent to that of the vehicle-mounted network 12, while 1t
1s preferable that a transfer path having a better communica-
tion capability than the vehicle-mounted network 12 1s not
used as each of the paths (B) and (C), and, in this case, the data
transier resource can be used efficiently.

Therefore, 1n the system 2, each of the paths (B), (C) and
(D) 1s constructed of a low-cost slow-data-transier-rate path
whose data volume which can be transferred via a single
packet 1s smaller than that of the path (A).

In this embodiment, like 1n the case of the vehicle-mounted
network 12, an upper limit 1s provided for the data volume
which can be data-transierred via a single packet, and each of
the paths (B) to (D) 1s constructed of a path via which only an
individual transfer operation of transierring, via a single
packet, each of pieces of item information (“music name”
information, “artist name” imformation, “genre name” infor-
mation, and a “musical piece data storage address™) of musi-
cal piece information 1s enabled.

Next, the operation of the in-vehicle media playback
device will be explained.

Hereaftter, a case 1n which the musical piece data storage
unit 6 stores musical piece data for each track number, and a
playback of musical piece data about the same track number
“3” 1s commanded by each of the system 1 and the system 2
will be shown as an example.

First, the playback operation of the system 1 will be
explained.

A user specifies the track number *“3” by using the opera-
tion unit 8a (1). Information about this operation 1s outputted
from the operation unit 8a to the control unit 2a.

When receiving the above-mentioned operation informa-
tion, the control unit 2a makes a request of the musical piece
information searching unit 3 for a batch transter of the musi-
cal piece information (2). In the batch transter, all the pieces
of 1tem information (“music name” nformation, “artist
name’ information, “‘genre name” information, and “musical
piece data storage address™) of the musical piece information
are collected into contiguous data, and this data are trans-
terred 1n a batch as single transfer unit data (a single packet).

The musical piece information searching unit 3 searches
through the musical piece DB storage unit 3 according to the
track number “3” which has been requested by the control
unit 2a. At this time, if the track number “3” matches the
musical piece information of a record 3 of the musical piece
DB storage unit 5, the musical piece information searching
unmt 3 accesses the record 3 of the musical piece DB storage
umt 5 (3), and reads the musical piece information stored in
the record 3 and writes this information into a builer (not
shown 1n FIG. 1) of the processor 0 (4).

Next, the musical piece information searching unit 3 reads
the musical piece information of the record 3 from the above-
mentioned builer, and transiers this musical piece informa-
tion 1n a batch to the control unit 2a¢ which 1s the source of the
request (5). The control unit 2q extracts the musical piece data
storage address among the pieces of item information of the
musical piece information recerved from the musical piece
information searching unit 3 and specifies the musical piece
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data storage address for the musical piece playback unit 4a
while 1ssuing a playback start command (6).

According to the playback start command, the musical
piece playback unit 4a reads and decodes the corresponding
musical piece data from the musical piece data storage unit 6
on the basis of the musical piece data storage address speci-
fied by the control umit 2a. The decoded musical piece data are
outputted from the musical piece playback unit 4a to a DA
conversionunit 10a. The DA conversion unit 10a converts the
data inputted from the musical piece playback unit 4a from a
digital signal into an analog signal, and then outputs this
analog signal to the amplifier 11a. The amplifier 11a ampli-
fies the analog signal of the inputted musical piece data, and
outputs the amplified analog signal to the sound output unit
9a. As a result, an audio output of the musical piece data
which the user has specified 1s produced via the sound output
unit 9a¢ and a playback of the musical piece data 1s started.

On the other hand, after 1ssuing the playback start com-
mand, the control unit 2a promptly carries out a data transier
of the character string information (e.g., the music name
information, the artist name information, and the genre name
information) of the musical piece information recerved from
the musical piece information searching unit 3 to the musical
piece mformation display unit 7a (7). The musical piece
information display unit 7a displays the character string
information of the musical piece information recerved from
the control unit 2a on the display screen.

Next, the playback operation of the system 2 will be
explained.

FI1G. 3 1s a timing chart of the musical piece playback of the
system 2 1n the m-vehicle media playback device 1n accor-
dance with Embodiment 1. In FIG. 3, a user specifies the track
number “3” by using the operation unit 86 (1). Information
about the operation of specilying the track number “3” 1s
outputted from the operation unit 85 to the control unit 25.

When receiving the above-mentioned operation informa-
tion, the control unit 26 makes a request of the control unit 24
of the system (1) for individual transfers of the musical piece
information corresponding to the track number “3 (2). At
this time, the control unit 26 makes a request for an individual
transier of the musical piece data storage address among the
pieces ol item information of the musical piece information
corresponding to the track number “3”. The control unit 256
adds 1dentification data for identitying the system to which
the control unit belongs to data showing this request, and
transmits the data.

When recerving the above-mentioned request, the request
receiving unit 145 of the control unit 2aq outputs this request to
the transier controlling unit 15. The transfer controlling unit
15 determines that the source of the request 1s the control unit
2b of the system 2 according to the identification data
extracted from the data about the above-mentioned request,
adds this 1dentification data to the request data, and makes a
request of the musical piece information searching unit 3 for
a batch transter of the musical piece information correspond-
ing to the track number “3” (3).

The musical piece information searching unit 3 extracts the
identification data from the above-mentioned request data
received from the transfer controlling unit 15, and determines
that the source of the request 1s the control unit 26 of the
system 2 according to this identification data. The musical
piece information searching unit 3 also searches through the
musical piece DB storage unit 3 according to the track num-
ber “3” which has been requested. At this time, 11 the track
number “3” matches the musical piece mformation of the
record 3 of the musical piece DB storage unit 104, the musical
piece information searching unit 3 accesses the record 3 of the
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musical piece DB storage unit 5 (4), and reads all the pieces of
item 1nformation of the musical piece information stored 1n
the record 3 and writes them into the butier (not shown in FIG.
1) of the processor 0 (5).

Next, the musical piece information searching unit 3 reads
the musical piece information stored in the above-mentioned
butter, adds the above-mentioned identification data to the
musical piece information, and carries out a batch transier of
the musical piece information to the transier controlling unit
15 of the control unit 2a (6). When receiving the musical piece
information from the musical piece information searching
unit 3, the transier controlling unit 135 transfers this musical
piece information to the determining unit 16. The determin-
ing unit 16 extracts the above-mentioned 1dentification data
from the musical piece information transierred thereto from
the transier controlling unit 15, and determines that the source
of the request to transfer the musical piece information 1s the
control unit 26 of the system 2 according to this identification
data. The musical piece information which the determining
unit 16 determines has been requested by the control unit 26
of the system 2 1s sent from the determining unit 16 to the
temporary storage unit 17, and 1s stored temporarily in the
temporary storage unit.

When the musical piece data corresponding to the same
musical piece information 1s being played back by the system
1, the musical piece mformation transmitting unit 18 reads
cach item information of the musical piece mmformation from
the temporary storage unit 17 at appropriate intervals in such
a way that the reading of each item information at the intervals
1s consistent with the processing time required for the system
1 to display the musical piece information, and transfers each
item 1nformation to the control unit 26 of the system 2.

At this time, 1n order to play back the musical piece data
first, the musical piece information transmitting unit 18 reads
the musical piece data storage address from the temporary
storage unit 17, and performs an individual transier of the
musical piece data storage address to the control unit 25 (7).

The control unit 256 specifies the musical piece data storage
address received from the musical piece information trans-
mitting unit 18 of the control unit 2a for the musical piece
playback unit 45 while 1ssuing a playback start command (8).
According to the playback start command, the musical piece
playback unit 45 reads and decodes the corresponding musi-
cal piece data from the musical piece data storage unit 6 on the
basis of the musical piece data storage address specified by
the control umt 256. The decoded musical piece data are out-
putted from the musical piece playback unit 46 to a DA
conversion unit 105b.

The DA conversion unit 105 converts the data inputted
from the musical piece playback unit 45 from a digital signal
into an analog signal, and then outputs this analog signal to
the amplifier 115. The amplifier lib amplifies the analog sig-
nal of the inputted musical piece data, and outputs the ampli-
fied analog signal to the sound output unit 95. As a result, an
audio output of the musical piece data which the user has
specified 1s produced via the sound output unit 96 and a
playback of the musical piece data 1s started.

After that, the musical piece information transmitting unit
18 reads the “music name” information among the pieces of
musical piece information from the temporary storage unit
17, and carries out an individual transter of the music name
information to the control unit 256 (9). The control unit 25
carries out an individual transiers of the “music name™ infor-
mation recerved from the musical piece information transmit-
ting unit 18 of the control unit 2a to the musical piece infor-
mation display unit 75 via the vehicle-mounted network 12

(10).




US 8,762,402 B2

19

The musical piece information transmitting unit 18 then
reads the “artist name” information among the pieces of item
information of the musical piece information from the tem-
porary storage unit 17, and carries out an individual transier
of the artist name information to the control unit 25. The
control unit 25 carries out an individual transter of the “artist
name” information received from the musical piece informa-
tion transmitting unit 18 of the control unit 2a to the musical
piece miformation display unit 76 via the vehicle-mounted
network 12 (12).

The musical piece information transmitting unit 18 further
reads the “genre name” information among the musical piece
information from the temporary storage unit 17, and carries
out an individual transfer of the genre name information to the
control unit 26 (13). The control unit 26 carries out an 1ndi-
vidual transifer of the “genre name” information receirved
from the musical piece information transmitting unit 18 of the
control unit 2a to the musical piece information display unit
7b via the vehicle-mounted network 12 (14).

The musical piece information display unit 75 displays the
character string information (the music name, the artist name
and the genre name) of the musical piece nformation
received from the control unit 26 on the screen.

FI1G. 4 1s a view showing the details of the processing time
required for a system 1 to carry out the processing and that
required for the system 2 to carry out the processing in the
in-vehicle media playback device in accordance with
Embodiment 1. Each processing time 1n FIG. 4 shows the
time which has elapsed until corresponding musical piece
information 1s displayed after the user has specified a track
number. Furthermore, 1 order to compare the processing
time of the system 1 with that of the system 2, the processing
times shown 1n the figure are the ones of the systems 1 and 2
cach of which 1s made to operate singly. Fach scale of the
clapsed time shown 1n FIG. 4 1s equivalent to the transfer time
required to transier a single packet (transfer unit).

In the system 1, each of the process (1) of allowing the user
to specily the track number “3”, the process (2) of making a
request for a batch transfer of the musical piece information
which 1s performed by the control unit 2a, and the process (3)
ol accessing the musical piece DB storage unit 5 in response
to the request which 1s performed by the musical piece infor-
mation searching umt 3 1s completed within a time period
which 1s equal to the transter time required to transier a single
packet in length.

In contrast, because data reading 1n the musical piece DB
storage unit 3 involves a physical operation, the process (4) of
reading the musical piece mformation corresponding to the
track number “3” from the musical piece DB storage unit 3,
and writing the musical piece information into the builer,
which 1s performed by the musical piece information search-
ing unit 3, takes a long time.

Each of the process (5) of carrying out a batch transfer of
the musical piece information corresponding to track number
“3” to the control unit 2a, which 1s performed by the musical
piece information searching unit 3, the process (6) of speci-
tying the musical piece data storage address for the musical
piece playback unit 4a, and 1ssuing a playback start com-
mand, which 1s performed by the control unit 2a, and the
process (7) of transferring the musical piece information to
the musical piece information display unit 7a, which 1s per-
formed by the control umt 2a, 1s completed within a time
period which 1s equal to the transfer time required to transier
a single packet in length.

In the system 2, each of the process (1) of allowing the user
to specily track number “3”, the process (2) of making a
request for the musical piece data storage address of the
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musical piece information, which 1s performed by the control
unit 25, the process (3) of making a request for a batch transter
of the musical piece information, which is performed by the
control unit 2a, and the process (4) of accessing the musical
piece DB storage unit 5 1n response to the request, which 1s
performed by the musical piece information searching unit 3,
1s completed within a time period which 1s equal to the trans-
fer time required to transier a single packet in length.

Also 1n the system 2, the process (5) of reading the musical
piece nformation corresponding to the track number “3”
from the musical piece DB storage unit 5, and writing the
musical piece information into the butier, which 1s performed
by the musical piece information searching unit 3, takes a
long time, like 1n the case of the system 1.

In contrast, each of the process (6) of carrying out a batch
transfer of the musical piece information satistying the
request made by the control unit 26 to the control unit 2a,
which 1s performed by the musical piece information search-
ing unit 3, the process (7) of carrying out an individual trans-
ter of the musical piece data storage address of the above-
mentioned musical piece information to the control umt 25,
which 1s performed by the control unit 2a, the process (8) of
speciiying the musical piece data storage address for the
musical piece playback unit 45, and 1ssuing a playback start
command, which 1s performed by the control unit 25, the
process (9) of carrying out an individual transfer of the
“music name” information of the musical piece information
to the control unit 25, which 1s performed by the control unit
2a, the process (10) of carrying out an individual transier of
the “music name” mformation to the musical piece informa-
tion display unit 75, which 1s performed by the control unit
2b, the process (11) of carrying out an individual transier of
the “artist name™ information of the musical piece informa-
tion to the control unit 25, which 1s performed by the control
unit 2a, the process (12) of carrying out an individual transier
of the “artist name” information to the musical piece infor-
mation display unit 76, which 1s performed by the control unit
2b, the process (13) of carrying out an individual transier of
the “genre name” information of the musical piece informa-
tion to the control unit 26, which 1s performed by the control
unmt 2a, and the process (14) of carryving out an individual
transier of the “genre name” information to the musical piece
information display unit 75, which 1s performed by the con-
trol unit 25, 1s completed within a time period which 1s equal
to the transfer time required to transfer a single packet in
length.

Thus, because the 1n-vehicle media playback device 1n
accordance with Embodiment 1 carries out even a transfer of
a request for musical piece information from the control unit
2b of the system 2 and a transier of the musical piece infor-
mation acquired in response to the request via the control unit
2a of the system 1, the in-vehicle media playback device can
complete each of the transfers by performing the process (4)
ol accessing the musical piece DB storage unit 5 only once
without having to carry out the process two or more times, as
shown in FIG. 5. Therefore, because the in-vehicle media
playback device in accordance with this embodiment can
complete each of the transiers by performing the process (5)
of writing the musical piece information nto the buftfer only
once, unlike the conventional device (refer to FIG. 9), the
processing load can be reduced remarkably and the process-
ing time can also be shortened greatly.

Furthermore, there 1s a case in which 1n the playback pro-
cess of playing back a musical piece medium, a list of the
music names of musical pieces playbackable the next time are
displayed 1n addition to the music name of the musical piece
currently being played back. Also 1n this case, 1n accordance
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with Embodiment 1, the processing load can be reduced and
the processing time can be shortened 1n the same way as that
mentioned above.

FIG. 5 1s a timing chart of a process of displaying the music
names of a plurality of musical piece data 1n the system 2 of
the in-vehicle media playback device 1in accordance with
Embodiment 1. As shown 1n FIG. 5, the control unit 25 of the
system 2 makes a request of the control unit 2a of the system
1 to carry out an individual transfer of the “music name”
information of each of the pieces of musical piece informa-
tion corresponding to track numbers “1” to “4”. The control
unit 2a¢ makes a request of the musical piece information
searching unit 3 to carry out a batch transfer of the pieces of
“music name” information of the pieces of musical piece
information corresponding to the track numbers “1” to “4” 1n
the above-mentioned way. When the pieces of musical piece
information corresponding to the track numbers “1” to “4”
which have been requested by the control unit 24 are stored in
records 1 to 4 in the musical piece DB storage unit 5, respec-
tively, the musical piece information searching umt 3 reads
the “music name” information of each of the pieces of musi-
cal piece information stored in these records 1 to 4 from the
musical piece DB storage unit 3, and carries out a batch
transier of the pieces of music name information to the con-
trol unmit 2a. The control unit 2a stores the pieces of “music
name” information which are transterred thereto 1n a batch in
the temporary storage unit 17. After that, the control unit 24
sequentially reads the pieces of “music name” information
stored in the records 1 to 4 from the temporary storage unit 17,
and carries out an individual transfer of each of them to the
control unit 26. Thus, even when reading the pieces of “music
name” mnformation of a plurality of pieces of musical piece
information, the in-vehicle media playback device can com-
plete the reading process by performing the process ol access-
ing the musical piece DB storage unit 5 only once, and by
performing the process of writing the pieces of “music name”
information of the records 1 to 4 into the buifer only once, the
processing load can be reduced remarkably and the process-
ing time can also be shortened greatly.

As mentioned above, 1n accordance with this Embodiment
1, the control unit 2a 1n the playback system 1, among the
playback systems 1 and 2, which 1s connected to the musical
piece searching unit 3 via the path (A) having the highest data
transfer rate includes the request receiving umit 145 for
receiving a request for musical piece information from the
playback system 2, the determining unit 16 for discriminating,
between a request for musical piece mformation from the
playback system to which the determiming unit belongs (play-
back system 1) and the request for musical piece information
from the playback system 2 which 1s received by the request
receiving unit 145, the temporary storage unit 17 for holding,
musical piece mformation which 1s acquired by the musical
piece searching unit 3 1n response to the request from the
playback system 2, and the musical piece information trans-
mitting unit for data-transterring the musical piece informa-
tion satistying the request from the playback system 2 which
1s read from the temporary storage unit 17 to the playback
system 2 according to the data transier rate of the path (D)
connecting with the playback system 2, and each of the play-
back systems 1 and 2 makes a request of the musical piece
searching unit 3 for musical piece information via the control
unit 2a, and acquires the musical piece information satisiying,
the request. Thus, by carrying out a data transier between the
musical piece information searching unit and each system by
selectively using only the route passing through the system 1
which 1s connected to the processor 0 having the musical
piece information searching unit 3 via the path having the
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highest data transier rate, the redundancy of the process of
reading musical piece information from the musical piece DB
storage unit 5 1n the operation of reading the musical piece
information resulting from an operational input to the system
2 can be improved, and the number of times that the musical
piece information searching unit reads the musical piece
information from the musical piece DB storage unit 5 can be
minimized. Because the process of reading musical piece
information from the musical piece DB storage unit 5 takes a
long processing time per process, minimization of the number
of times that this process 1s performed can reduce the load on
the system and improve the operation delay. As a result, the
system response ability 1s improved.

Furthermore, because any hardware change from the con-
ventional typical structure hardly occurs, and what 1s neces-
sary 1s just to add a small-scale change to the soitware pro-
cessing of the control unit 2a, the increase 1n the cost required
to apply the present invention to the in-vehicle media play-
back device can be reduced to a minimum.

Although 1n above-mentioned Embodiment 1 the case 1n
which the in-vehicle media playback device has the two play-
back systems: the system 1 and the system 2 1s shown, the
in-vehicle media playback device can include three or more
playback systems. In this case, by sending a request to search
for musical piece information in each playback system and
carrying out a transfer of musical piece information which 1s
the request result by selectively using a route passing through
a system connected to the processor 0 having the musical
piece information searching unit 3 via a path having the
highest data transier rate, the same advantages as those men-
tioned above can be provided.

INDUSTRIAL APPLICABILITY

Because the in-vehicle media playback device in accor-
dance with the present invention can improve its response
ability to a user’s operation of specifying a playback object,
the 1n-vehicle media playback device 1s suitable for use as a
playback device mounted 1n a vehicle, for playing back a
music medium.

The mvention claimed 1s:

1. An mn-vehicle media playback system comprising:

a processor-based searching unit for searching for data
information satisiying a request from a first storage unit
for storing data information specifying media data; and

a first playback device and a second playback device each
having:

a playback unit for reading media data from a second
storage unit for storing said media data according to
said data information, and playing back said media
data,

a presenting unit for presenting data information about
said media data, and

a control unit for making a request of said processor-
based searching unit for data information about media
data which 1s a playback object,

wherein the control unit of the first playback device is
connected to the second playback device,

wherein the second playback device includes a vehicle-
mounted network which has a lower data transfer rate
than a data transier rate between the control unit and the
presenting unmit of the first playback system,

wherein the processor-based searching unit, the first play-
back device, and the second playback device are
installed 1n the same vehicle,

wherein the control unit of the first playback device
includes:
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a rece1ving unit for receiving a request for data informa-
tion from the second playback device;

a determining unit for discriminating between a request
for data information from the first playback device,
and the request for data information from the second
playback device received by said recerving unit;

a data holding unit for holding data information acquired
by said processor-based searching unit 1n response to
the request from the second playback device; and

a transmitting unit for data-transierring the data informa-
tion satistying the request from the second playback
device which 1s read from said data holding unit to the
second playback device according to the data transfer
rate of the second playback device, and

the control unit of the second playback device makes a
request of said processor-based searching unit for data
information via the control unit of the first playback
device, and acquires data information satistying the
request via the control unit of the first playback device.

2. The mn-vehicle media playback system according to
claim 1, wherein the control unit of the first playback device
performs the following:

acquires from the processor-based searching unit the data
information satistying the request from the second play-
back device 1n a batch,

temporarily stores the data information satisiying the
request from the second playback device in the data
holding unit, and

individually transfers the data information satistying the
request from the second playback device, to the second
playback device.

3. The mn-vehicle media playback system according to
claim 1, wherein the control unit of the first playback device
performs the following:

acquires, from the processor-based searching unit, data
information satistying each of the requests from the first
and second playback devices 1n a batch, wherein the
acquired data information satisiying each of the requests
from the first and second playback devices includes a
plurality of data items,

transfers the acquired data information satistying the
request from the first playback device to the presenting
umit of the first playback device 1n a batch,

temporarily stores the acquired data information satisiying
the request from the second playback device 1n the data
holding unit, and

individually transfers each of the data items 1n the acquired
data information satisiying the request from the second
playback device, to the second playback system.

4. An in-vehicle media playback system comprising:

a processor-based searching unit for searching for data
information satisfying a request from a first storage unit
for storing data information specifying media data; and

a playback device having:

a playback unit for reading media data from a second
storage unit for storing the media data according to
the data information, and playing back the media data,

a presenting unit for presenting data information about
the media data, and
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a control unit for making a request of the processor-
based searching unit for data information about media
data which 1s a playback object,

wherein the control unit of the playback device 1s connect-

able to an external playback device which includes a

vehicle-mounted network having a lower data transfer

rate than a transfer rate between the control unit and the
presenting unit,

wherein processor-based searching unit and the playback
device are capable of being installed 1n the same vehicle

as the external playback device, and
wherein the control unit includes:

a rece1ving unit capable of receiving a request for data
information from the external playback device to be
forwarded to the processor-based searching unit;

a determining unit capable of discriminating between a
request for data information from the playback
device, and a request for data information from the
external playback device recerved by the receiving
unit;

a data holding unit capable of holding data information
acquired by the processor-based searching unit 1n
response to the request from the external playback
device; and

a transmitting unmit capable of transferring the data infor-
mation satistying the request from the external play-
back device, which 1s read from the data holding unat,
to the external playback device according to the data
transier rate of the external playback device.

5. The in-vehicle media playback system according to
claim 4, wherein the control unit 1s capable of:
acquiring from the processor-based searching unit the data
information satistying the request from the external
playback device 1n a batch,
temporarily storing the data information satistying the
request from the external playback device in the data
holding unit, and
individually transferring the data information satisiying
the request from the external playback device, to the
external playback device.
6. The in-vehicle media playback system according to
claim 4, wherein the control unit 1s capable of:
acquiring, from the processor-based searching unit, data
information satistying each of the requests from the

playback device and the external playback device 1n a

batch, wherein the acquired data information satistying

cach of the requests from the playback device and the
external playback device includes a plurality of data
items,

transierring the acquired data information satisfying the
request from the playback device to the presenting unit
in a batch,

temporarily storing the acquired data information satisiy-
ing the request from the external playback device 1n the
data holding unit, and

individually transierring each of the data items i1n the
acquired data information satisiying the request from
the external playback device, to the external playback
device.
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